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AtsSTEJ.!,C?

the R.C*135-$ a,j .s'craft l : .as beea Flaguec, wit i :  cptJ"ca,l

tra.ckin6 amd" box.esiglrt problems for a r:umber of yeare.

Tbrese prob3.ems &?e connpou.tad.ed beca,us* of the requirernem,t

for na,rrow f ield of vieui instruments under one d"egree.

Thj"s otud,y a,:aalyzes tne cause and. extent of theee prab-

Lerns and conaLudee t lrc.t the ser"vo syetem j"s not sfrt isff i ,c-

tory fon one d.egree f ieJ.d of view instruments. fhe arethor

reconnmends several- changeo to eyetem desi-6r::.  e,nd" opera.t j .ng

procedures for irnproved trs,eking a,ccur&cyr reLiabj-J-i ty,

a.nd boreoS.gl:.ting.

i

t.
rids.jitii;di;t;L

t a



}REFd,CE

tl'is etu'd'y ana.Lyaes aligylme:et probleme of the RC-

135-S Airborne Sptienl $racki.ng $yetern. fhese problems

ha,ve plagued this eyetem for a, nrrnber of yea.re. fhe

reeuLte h.ave been a ser: loue red.uetigrn in coLlection c&p-

abj.Lj.ty ori r'r&rrow fj.eld. of wiew instrurnente arnd. lowered.

overa,Ll confidence in the cystern.

the ar.ltleor is intereeted. in sol.ving this problem

beca,use he feelp i t  ie within hie capabil . i ty and inqport-

a;1t to ne,t i-onpL seourity. I Ie hae operated', maintained,

a.nd. ana,lyaed thi.s eyetem for more thag two yeaps. "As &n

RC-135-$ crew ,member, he fLew 67 opera,t ional sort iee a.nd

e,ccqmula,ted over 5O0 flyine fuoura. thie i.e more tha6

twi.ce the norrna,l experience Level. Due to s-ecurity restr-

ictionE, tre is t}.e onLy operator to evalua,te thie system

und.er opera,tionaL eonditj.one. He !ts,s aleo 1.eeporlsible

for writ ing the f irst el-aeoif ied. teehnics,L'oBera,tore

rae.nuE1 o:t RC-155-S Ai-rborne Ctptica,l S:ra,cking $yeterns.

!fue e,uthor hs.e nine yeers experience a.s an Electronic

rda.rfa.re Officer a.nc hold.s a certified. Fed.ere.L avlg.tion

Agency Airfre.*e and, Fowerplar:t LLcenea (i{o. i-4344s9).



$pecie,l  recognit ion i .s dire 1{r. John v. Tumas, who i"s

e'n optica,l s3rstems Engineer wj,tkr Ling Tennpco yougi:t ELec-

troeysteme in SreEnvil'le , f exa,s. wi.thar.r,t IIr. furoas '

a.ssi-stance this stud.y would. not h.a,ve been possible.
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CflAFTER I

Il{glr0Dugf IoN

Ba.aksround

This reseelrch etud.y is a,n ana,Iysie of the A.g-155-$

airborne optical. tna,cking syeten, the tra.ck5.ng system

coneiets of an a,utotrecker, nnarrue,I tra,cker, a,nd nine

sl"aved, pedestale. Iltounted. on eseh ped,esta.l e,re optica,l

inetrumerats for Cat* co].].ectiorr,

the a,utotre,eker e,nd. sl6,ved ped.eeta,le a.re posi.tioned

in front of port wind.ows runrring the fusela,ge tr'ength.

Bb.e nEnrral tre,eker iE loca,ted, in a, dorne on top of the

fueelage. Figrrre 1-1 ehowe the rela,tive poej.tion of ea.ch

sub-systern.

fhe nsnua,J. tracker is s, modLfl,ed. B-5O g!&xsight.{tOr j)

thie tra,cker poeiti.on iE usnned by an opera.torr who eits

d.irectJ.y benaa.th a dome unournted on top of the fueeLage.

With:i.n the d.osxe a,re sightins oontrol-e used by th"e opers.tor

for ta,rget a.cquieiti.ore" When ueing the eLght$.ng controS.el

the fie].d. of view i.e U,mited j.n a,ad.muth (p].us or minus

30 degreee frow Etarboa,rd.) a,nd. eleva,tion (af degreee up

and ? degrees down).(eO:5) Moying t lae manua.J- tracker
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sigirts i-n azinuth. a.nd erevatiozl causes the a.utotra.ckey

and elaved. ped"estals to move in a. corresponding manlrer.

This is mad.e possible by a servo system. she prima.ry

fu:action of t l te ma,nua.l tracker posit ion is to d.irect the

autotracker on ta,rget. (10:p) tr ' igure r-z shows t lee ma,nua.l

t racker  pos j . t ion in  d.eta i l .  ( ro :+)  The next  sub-systena to

be d iseussed ie  the a,utot racker .

?he autotracker unit is a Barnes Engineering Comp&ny

i'{od.el 2L-L?2 Airborne Autonatic lra,cker whic}r ha,s &,

t ra ,ck ing s ,ccura,cy of  bet ter  the.n 0.1 d.egree.  (g t l l )  f f re

syetem ie connprieed of a tra,cker hea.d a,nd two erectronic

units. fhe tra,cker ]read i"e nounted. on a, servo controrLed.

franre in front of port wind.ow nunber f iwe. Both ereet-

ronic units are mou.nted. overleead in a sto:ra,ge r&ck.

the tra.cker head. ie initia,J-l.y d.irected. on ta.rget by

steering command.e genera,ted. a,t the manua,L tracker pooi-

tion. When the autotra,cker ie properJ-y a,ligned. on & ta,r-

get of suff icient energy, th.e manuaL tracker operator

wi3.J. l tea"r a f 'data goodn' eigraal. on interphon€. (fClO) fhis

is a, lou'C. 50 cps tone that indica.tes accura,te alignment

of  the autot re.cker  to  ta . rget . (gr2)  g t  th is  t inne the oper-

a,tor wil,J. tra"nsfer steering control of a,11 sJ-aved. ped.ee-

ta,ls to the autotracke:r, urhich wilt  track a, target opti-

ca1-J-y ae it  moves &cross the f ieJ-d. of, view. In turn, t}:e



Figure l-2

I{anua]'  tracker losit ion

sieht

dome

control kra,nd,les

port window



autotra.cker provid.es error sigrra. ls to niae

roJ.l-ea sla,ved. peciesta,le. Before expJ-aining

naL is used. by ea,ch pedeetal . ,  the pedestal .

wi]- ] .  be diacueeed.

she s]'aved. pedestare a.ro nnounted" in front of port

w indows  2 r3141617r3 r9 ,  and .  10 .  Senvo  mo to re  a , r€  u6ed .  t o

mov€ the pedeetal"e in both a,airnutlr and. elevation. Irior,r:e-

ted' on ea,ch ped.esta,l is a, cruster of opti.ca.J- instrwn€nte

tha,t record ta,rget chare,cterLettcs. Isany of theee inetru-

rnente ha,ve a, narrow fie].d, of view (unaer to) and require

very accurate tra,cking.

the sre.ved ped.eetals get their pointing d.irecti .on from

the autotna.cker or mnreua,r tracker comme,nd. eigna.l. (gze)

rn this stud.y our eoncern is with the autotre,clcer. this

eigna,l ca,Lxsea the servo motors to move the ped.esta,ls in

both azimuth a.nd ereva.t ion, Ped.estal movement must coin-

cid.e exaotly with autotre,cker movement for a.ccura,te tre,c-

king of a.11 optical- instrunrents and. no loes of d.ata,. Any

d.egredation in tracking a,ecura,cy and. boreeight aligrament

of the elaved" ped.esta,Ls to autotracker na,y resurt in eora-

p le te  l ' ose  o f  da . ta .

Boresight alignnent is a,ccompLislred. und.er sta,tic

cond.itions by pare,J-leling the optical axis of e,r1 ped.e-

sts,:- mounted. instruraente with the a,r.rtotrscker optiea.l

5
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e.xis " fra.cki-rida a,ccrtra,cy of eJ.aved ped"este.ls depende o:1

tbeir a.bility to mainta.j-n bo:resigh.t und.er d.yna,::ric conC-

it ions. Figure f-3 i l l rrstrates t}. is principle in azirnuth.

The sane principle a,pplies to elewa,t ion and provides a

basis f or t l : .e foJ.J.owing problem statement.

IrobLera

fh.e sl-aved ped.esta.ls a,z'e not a,ccura,tely tracking t}.e

a,utotracker and a,re d.i f f icult to boreeignt. f ,?aeee a.l ign-

nent problems result in a serious loss of terget data on

na,rrow f ie].d. of vier* instru.rnents (r*nder 1o). (fZ.f : f  )

Sra,clcing a,ccura.cy and" boresight difficuLtiee vrilI be

invest iga. tec,  in  th is  s tuc ly .  fhe object ive is  &.s  fo i iows.

Ob. iect ive

'Ihe servo syetem wil l  be ana,l-yzed for possible cha:e-

ges the"t will i-mprove tra'cking accura'alr and' boresight of

slaved. pedestale to a,utotracker. tkre complexity of th{s

problem coupled with l imited da,ta. a,nd t ime impoee several

l imi ta . t ions.

f,,imita,tions

t 'he U-nita,t ions plo,ced on this s'eeearch e tudy are:

]. .  .{nalysis ie J-imited to optica]. tra'cking prob-

lems of  t } :e  RC-155-S a iz"craf t .

2 .  At tes i t j "on i t i  f  ocueed on the servo syotem fcr

slavecl ped-esta"f s #4, #tO r a,3C autotz'a.cker posit iorl- #5.

6
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1, T}: .e el-ectz ' ica, i  anc. :necr:ani*a]-  f l rnct ians cf  the

synchro fol l -ow-up asserrbl- j -es a: 'e sf ,ud"ied i -n d-eta" j l .

4.  l ' , ' leasr;rements fcr t racking accuro.cy ara ; :nede

un'der stat ic ccnd. i t ione wit l l  a ircraft  orr  gro'*nd. power.

5 ,  Opt ica ] -  equ ipaez i t  cons ie ts  o f  a  Barnee Eng in-

eering mod.e1 23.-L?,2 airborne/vis ibJ.e infrared a,utonat ic

traclcer e.nC. ncde]- i -8-}J4 cj"ne speetroneter c8.ro83&.

Because of tne above J. ini  tat ions n certa. i ta assumptions

rnr:st  be n:ade.

Assumpt ions

fitere &re four a,esrrrnptior:s made j-n thj-s stucly. Ea.ch'

aesumption ie fol l -or,*ed by support  basea on stanaa.r 'q:" izat ion

of  a l . l  s l .aveC ped.es ta ls "

f- .  Traekj.ng s.nC hoz'esight probierne in elevat ion

ca"n app].y to azinuth, (fhe el-eva.tion g,nd a.zimuth synch:'<>

fol low-up B,ssef l Ibl ies, s€rvo a,rnpl, i - f iers '  anC s€rvo motors

a . re  i c len t ics , l  fo r  a ] . ] -  ped.es ta is ) .

2 .  g rack ing  and bo : 'es i -g r : t  p rob lems bet t 'een  pedes-

tg' ls i i t , ,  #tO, a:;d.  autotraeker posit ion #'5 caan a,pply to

s la .ve f t  pec les ta le  ie  r t iS ,#6 , i i7  n i {8 ,  and , {9"  (These add" i t ione , ' l

peaestais ere i .d.ent i .c.s"L i"n electr ical  and mechanice. l

cpera . t ion)  .

3,  [ : 'a.c-aing errors wi] . ] .  be essent ial ] .y the sarne

under static a,nd d.yna.mi"c con&j-ticns. fhist a,ssuiii 'tption



excl-uaes t}.e effects of pod.eetaJ- la,g a,nd oversl:oot, (rr.e

eleetrica,l input and. reechanicatr configura,tion of aLl

sls,ved. pedeste.ls a,r€ the s€,:ne for both stg,ti-c and, dyns,mie

cond i t i ons .  )

4. the two setrvo a*prifiers f,or each peoeetal rnay

be conneeted i,n pa,ra,ller a.:ad d.riven by one contror tra.ne-

for'ner without degrad,ing tra,cking accurs,cy. (ri:.is arrang-

ment ws,s tested, successfull-y on ped.estal #9 r.lnder op6rg-

t ionE1 condLtione i.n ApriJ. 1,958.)

fhe a,eeumptionE Listed a,bove &re only a,pplicable to

the Rg-r35-s opticar 6er1ro eyeten. {Bhe Fouroes of d.a.ta,

wi]. l  now be covered.

Fources

She mein aources of data a,re the experiances snd

obeervations of the writer whiLe a.ssigned to the Rc-l i5-s

p:roject. Sngineering eupport and. gtrid.a,nee w&s provj.d.ed by

the f,ollowing i.ndividua,lsI

1. l{r.  Jo}ua V. fuma,e (Optical. $ystens Bngineer),

Hleetno Optico eection of I , l ing TenrSrco Vought El-ectro-

syeteme ( f ,gVP),  Oreenvi l le ,  Texa '6.

2. Mr, louglan Srinae (Slectr ica.I Sngineer) r Slect-

ron ics eeet ion of  ISVE, Oreenvi l le ,  0€x&s.

3. Sr. Joeeph &ufa.J.J- (SUysici.et)r tDDCO, Foreign

Sechnology Di.vieionp Wright Sa.ttereon SFB, Ohio.
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I

/rddit io::al refe}"el lces were obtsined frorn the Air

Lrniwersity l"r ibrarY.

0rsa,nization

$he bod.y of  th is  repor t  eonsis te of  four  chaptern.

Glra,pter lwo traces the path of "Anglrla,r sra.nsfer" fron

e,utotracker to slaved pedestal. Cira,pten fhree outl ines

the probleme in deternnining a,lignment a,nd begins a. detsi-

Le& exannina.t ion of t}e f irst poi lat in,angrrla,r tra,nsfer.

this point ie u, mechanicerl l inkage a,nd ite effecte on

trs.cking accura,cy a.re covered. in deta,i l .  chapter four

continues the discuseion of angula,r transfer and empha-

eiues tbe problems of boresighting a.nd the oynch'ro fol lot*

;up a,ssenbly. She ler,et chapter wil l  preeent tb'e a'uthorrs

conclusions a,nd recosmendatione for improved boreeigkrt

a,ncr ped.estal tra,cking.

10



CHAPTEF- iI

AI'IGUIAR TRAN-SFER

fhis ch.a,pter wil]. tre,ce the pa.th of a,ngular tre,nefer

fnora target a,cquisit ion to sle,ved. ped.eeter traaking. the

ma.i-n point to und.erstp,nd. is the eequence of events a,nd.

th.eir i :r terrela,t ionship. to a.id in und.eretandiag, i l lue-

trations are provided for eaeh major conpclnent. Figure

2-1 is a, good overview ehowing the electr ical and nrec?r-

a,nical. rela.t ionship betueen a,l-J. components. Note th.at

there e.re two seperro,te servo loope for each pedeetal.

target acquisition ta,kee pl-ace when tlle manua,I trac*

ker opera,tor receivee a. f fdata, good.tt eigna.3- on interphone

from the autotra,cker. fh:Ls sigzra.l irrd.icates to the oper-

a,tor tha,t tbe te,rget (point J. ieht 6ou,rce) iu witb"in the

autotracker t s fie].d of view e,:ad. autotra,ck s}.ou].d. be

a,ttempted. (LOr6) Wnen tranefer j .e ir: . i t iated the a,r.rto-

tracker wi.J"I s€nse a,nd. d,eteruine the ta.rget positioa rrery

a.ccura,tely, track thie ta"rget optical}y, a,nd. provid.e

commar:d signal-e to a seriee of senvo-contro3.J-ed sla.ved.

ped"eeta] 's .  (  9rz)

1].
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Autotrecke:r

Rsd.ia"nt flux from t}.e ta,rget is collected. by t}:e

opt ica l  system (Eieure 2-2)  a ,nd focused.  or . �  a  pos i t ion , - , "

eracod.ing reticle assembly. ( 9:3) Sbe rota,i irag retiale 
' \

nod.ulates thi.e signal in s, maJsaer d"eternined by the a-

loca.t ion. of the ta,rget in reepect to the optica.l  axie .

The mod.ulated eig:ea]- ie irrtereepted by one of two detec-

tore and. ie converted. into a rnod.ulated eleetrical oigna,r.

(grA) nU,ie e5,gnal is interpreted. by two electronie r lnite

the,t eend. spproprie,te corrrecting eigeaLe to the autotr-

acker servo motore. []re setrvo motore move the traeker

head, on target snd, naintain al igrunent witbin (O.f) d.egree.

(gaf:) *w chonge in oairnr.r.tb" e,nd eLevatj.on wj,l]. be tra,lte-

mitted, to eJ-a,ved. ped.eetals by &. servo eysteao, A l'Oo ine-

rea.s@ i.n eLevation, will be traeed. s,t thie time (reference

tr'igu,re 2-r)

Movenent of the trscker head is tranrsfe:nred tlarough

a linkage to the egneehro foLIow-l.r1) s,s6€nbJ.y which Go!1r-

v e r t s t h i s a ' r r g 1 e i n t o a r r e 1 e c t r j . c a 1 c o r n n g n d e i 6 r a a 1 f o n �

peCesta,I d.j.rectiora. She fi.rEt steSr in thie proceso ets,rtE

a,t the e,u.totre,cker el"evs,ti"oea p5,vot Boint " A }5.nk&&s r

consieting of, a, connectd.ng rod eled two pivot ,a,rner corn-

necte thj.s Xlo{ent te a. nynchro foLl-ow-r:p a.seembLy 4rive

gea,ro Five synchro'controf. trar:.smitter rotore (typ* ESg

t q
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l - : - -Fg*A)  * re sonneeted to  the d. r i "ve €:€e. r , {e+: : )  Both *he

fi:rksge a,nd. tra:r'ein$.seion geavs s.re designed for L$.near

tra,ekj,ng (l*t ratdo). f}.erefore, a l-oo incree,ee in an-rto-

tra,eker eLevation sleou]-d rotate the eontrol tranemi-tter

rotors  e lockwiee l0o ( f ront  v iew).  At  th is  po int  the

e3rnchrc css:trol tre,:aemittere (CX) eonvert mechaniea].

raotion. into five eLeetrice,l eonoma,rrd sigire.l-e.

fhe command ei"gna]. Ieve]. is d.etermi:red. by rotor pos-

it j .on" (g'teure 2*4) Ee,ch tra,nenrit ter rotor i"s conlrscteC

to & ?6 vo].t 400 c;rcIe power oupply. (f+10) the mognetic

l-i.laee of force created. by this voJ.tage wiJ-J. cut aetross

stator wi n*:-r |  ^ \rge (Sf SZ Ul enrj.  ir^iuce 'rcl-te.gae cf : ia:"r-

i rag degrees.(3t34. )  * f f  three vo l ta ,ges repnesent  e,Lr to-

tracke:r eleva,tj-on. s.nd. a,x'e referred. to ae a, com'me.nd eie-

na,L. Tra,nsfer of, the comrnanrd eignal. f:rom e.utotrscker to

podesiaJ. ie a.ceontpl ished. by connecti.ng the CX etator

wJ.nd.ings to eo:etrol- tra,nsfotrmer (Ct; stator winCings

l-oea.ted on thre pedeeta.l  oynchro fo]-}ow-up assembLy" (3t3?)

{}?eference S'igure 2-4 and 2-5) Autotra,eker CK d.j-etnib-

r : t ion ie  e,s  fo l ] -ows,  ( f+ :  ] .  )

CX  1&2  C t  ] * . k?  on  g :edes ta . l - s  tZ r3 r4n5 r7 )

gX 3e,4 Cg 1&? ora g:edestals ( g , 9 , ].O )

CK 5 RernErte poeiti.on j.nd.j.ca"tor

lilote: t*v-o tre,neni"tte:'e ere a,].l-oeated" to each ped.es^ha3-

i r !
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beea' . . rse c f  a  dqal  servc sys ienc

At this point a.utotracker elevation is in the for:n

of a,n eleetrica.l cornmand. si-g::e.r and read"y for. transfer

to t}:e ped.eetaL" ?}re pe,th for consid.ere,t io: l  is betr*een

the a.u. to t rseker  (CX fAe)  e.n*  ped.esta l  #4 (Cn eAa).

Sed e.eta,l

fLre anatotracker comfira,nd. sig:ears i-nd.ieating a J-oo

increa,se i"n erevati-on a,re irnpnessed" on the sts.ton wj"nd.-

i . :ags of control transformers cr L&a, This change in eta-

tor volta,gee ind.uces anr @rror signal. i .nto the gp rotors

beee,use of the a,n6ulan difference between CX a.nd. Og

rotors " (Vt63)  tUe equatLos?.  bo iow refLects  t i : is  re ia t ion-

c " h i  a  I  c .  c p )
H . 4 * j ,  *  \  /  a  J v  I

F r = & m r x c o s  €

sr  = eontror  t ransforrner  ro tor  output(erron vor . ta .ge) .
Snnr= na.xj.mum control tre,nEfo:*nrer rotor vo3.t&ge n
ffi = relative angle sepe,ra"tion of Cfi a,yrd. Cfl rotore.

No ua.tter whra,t the vs,lues ar.€, the cf rotor or.lt'rcut ra'iLL

alwe.ys be aer$ &.s Long a,s there is a, gCIo angular differ-

ence betr, 'reen rotors "(3t3A) g*y c}:e.nge wi.1L ge::erate a,:x

error signa,l e,nd. result in pedesta,l rnoveraent. In this

ca.se *he pedeetai nr ' :et move co"^m Loo tc :red.uee the error

eignals be,ok to aero(null) s.nd reestabli-eh a g0o a.nguler

d i f f , *nence between rotors .

f'h* eryon eigne"tr- fvam ct I.ga &,re fed. i.r:to tno separate



ser! :o an:pl i f ie: 's tc pro-r i ie ?f l€ r :ecasse.f 'y 5:oa'er for e€Trlc

notsr eontrol .  [ i : .e epeed anc cireet ion of bo.th : : :otcs"s

wi" l l ,  i "epend on t lae signa. i  pl :a.se anrr vc]- : .e"ge ]-evel- ,  ( ] r551

At thie point the two seps.rate elects ' j .ca. l -  eignal.s ar.e

ccnveried. i.nto one eom::ton r*eeha"srica,l moti.cr:. Shie i.s raa.de

pces :b le  b ; r  a  tyanemj -ss ion  and ja .ck  ser€w,  the  jeer  sc rew,

powered by both notors in paral . l -eL, mpves the pedesta,I

c lcwn u.nt i l -  the error signa, l  drops to mero. Refer io Hig*

ure 2-5 for a,ngurJ-ar tra.nsfer to thre oyneb.ro follow-up

a.sse:nb};r .

Downwa,rd. novernent of the ped.esta,l i"s tre,neferued

tnro:;g: : .  a i inkage *c the s;r : :ch:"c fr l lcw-up e,sce*bi;  d: ' : - re

€:ea.r arrd synchro roto:rs.  fhe eqr: : t rol  t ransmit ter (C:t)

corrr$azld signo"l-  provid"ee J-nput to a. rsmote posit ion indj"e-

a,tor for" nonitor ing eleva,t icn. ( f4rg) fhe 3. inkage &z"r&: lge-

rnent and gear rs, tdos are d.esigned to d.uir l ica,to autotvsr,cLeen

rnovement ( :-xf  rat io).  l i rerefcre, a.  ] -Oo dor.r :ewa.rd rnclveme:t t

of tl:e pecleste,l vrj-l3. c&use e"l-J. rotolrs to niove in a eo\.u:tsr

cJ .ockwiee  d . i rec t lon  (o*ar  v iew) .  Ped.es ta l -  rnove:nent  w i ] . i

conrinue r lnt i }  the ped.eeta:-  Ct a.nd a,utotra,cker CX rqtor"

: 'e1e.t j -onship i"s 90o" Wkren th:-e oceurs the error si6nm.l

wi j .J- stop " Any *da. i t iona3- changes to a"utotrscl<ez'  eLerra.t ion

wiJ-L create 6, ]3€w cor"ma,nd si6nal- and ree';Lt in addritio::*,1

ped.es t * i  rnovenent .

2fr



This completes the path of a:ag:uLa.r transfer from

ta.rget a,cquisit ioa to ped.estal tra.cking. ?ire pe.th of

a.ngular transfer from traoker to ped.esta.l is J-ong and.

complex. The a.ccuracy of trarrsfer is aetermi-ned by l ink-

ages, eynehro fol low-up a,seembliesl a^uapli f iers, a,nd.

servo motore. Skreee points are l isted beLow and run in

seqLle]3ce fros the autotracker pivot point to control

traneformer rotor (nul].).  A tra,nsi.t ion poi.nt ie defined

€,s eny mecha,nical or electrica.l break in the a.ngular

pa.th tha,t may ind.uce tracking emor. Aetericks(x) repre-

sent two eepara,te pe,th.s provid.ed. by the dual servo oyetem.

Sraneit ion Pointe

"&,utotracker pivot poj.nt
Pivot a,rur

Pivot a,rm
4.djueta,ble J.ink

"Ad.justa,ble J.ink
Pivot a.rm

P ivo t  a rm  .  D . .Fn -y^ , y f r. - B0rrisorunijrrLve geer s.ktaft ADJUIj'IllEiff

Drive gies,r sha.ft
Drive gea.r

Srive g:e6.r
&otor g€a.r

Rotor gear
Rotor  (cx)

Rotor  (cx)
Stator (cx)

f 1 '
I '
j ' .
L

r  
5 '

J.r '
|  

. t '

(  * 9 .

IJ

I
N

A
G
g

," "s
v ! a
Y

r\ Et
g

f t

r: El

rrr
JJ

!
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*9 .  $ ta . to r
$tatoy

*]-0. Ste,tor
Rotor

*11.  Rotor
$ervo

*L2. $ervo
$ervo

( cx;
(  cs )
l n m \

l n r n \

a^npl.ifier

anpl i f ier
motor

*15.  $ervo motor
tranemiseion

L4. Tranernieeion
Jaek sorew d.rive

15.  Jack screw dr ive
Pedeeta].

16.  Ped.eeta l
Fed,esta,l  pi.vot point

17.  3ed.eetaL p ivot  po int
Sivot €.rrn

18. Sivot a,rrn
Ad.justoble li.nk

I9. Ad.justa.ble link
Sivot a.rm

2Q.  S i vo t  a rm-
Drive geam

2L. Drive g€a,r shaft
Drive gee.r

*22. Drive g€8,r
Rotor Eea,r

x23.  Rotor  gee,r
Rotor  (cg. i

*24.  Rotor  (cn)
$ta.tor (gn)
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Sbapter II I

the a,utotra.cker

ehould be rnad.e

wi].]. exa.ni:ne tracking

a.nd sLa,ved. ped.esta,Is.

to 31iguree 2-1 arad 2-5

errora botween

Feriod.ie reference

for cla.r i f ica,t ion.
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CiiAfTER II I

DETECTIOII-I,II{XAGES

i{a::y f,actore rnl-{st be consiCered. whea exa.rnj.ni.r:.9: tre.ck-

ing accr.lne,cyg howeven, tlre lrnportance of trs.eking e,ecu-

Fs,cy CIhouJ-d, be u.ndenstood. before a, deta,lled. exe,nni.ne,ti.on

j.s begun.

Field" of Vi-ew

fhe i.iC-I35-S p]-a,tforrn records 68,ny e'rents duri"ng

d.e,yLi.eht treruz"s wi-th s;r intenne eky background.. Under

these condit ioass it  is veny d.i f f , icuLt to co].Lect opti.cal-

da.te, of aray qua,Li.ty beequ.so of fj.lm satxlr&.ticn" fi,ed.ucing

sky be,ckgnourid i"ntenfer€rree withoirt a,ff,eeting ts,rget

ctrrars.eterist i .cs ca,n be e,eeomplj.shed" rnost eucceeefulLy by

ueing instru:ments with t lre nanrowest possi.ble f ieJ.d of

vi.ew (fOV). (fg:f) Instru,ment FOV ie ]. i .mi.ted by tre.oki.m.s

e,eoureey between sJ.a,ved" pedeetoJ.e a,:ad p,utotvs.cker" 3'or

exa.riag:].er &n. j.netru.$erlt ur'ith. *. on€ degx*ee (f") FG"/ wj-L].

not coi].ect dsta i f  permitted to d.r i trt  &oxe the,n a, he,].f

-  r : O tdegree (t*J off tar@et" With i"rtnrea.sed tns,cking &csurecsr

n&,ra'ower FOV instruments ce,n be used., Ehis reC.rrction in

2{+



Fo'/ "*ri-31 i-:ac'ee.se s*gm.aJ- to noise re,**o e.s:d. x.esult i.:e

bettar qu.aJ-ity d.e.ta..

Dgtect ion

lio:rmall-rr tra,ckina acci.*a.cy i.s elreci<ed. by observi*g

a'u.totra,cker e"nd. ped.este.r moverne:at through the e,simu.th.

a'nd elevetion Ii-mits. -any ped.esta,r- in qr.r.esti-on ca^m. be

swi.tclned into a. remote nrosition ind,i"ce,tsr st the te,eti,car

cpordinator ets,tion f,or cornpa,nisqrn with tlse a,utotz,s,€k6r,

the a,ccura,cy gf theee measuremo:nte a,re on].y lcj.thj.n two

d'egrees (at) anad. th"erefore not srnita,bJ-e for a one d.egree

( r " )  Foy  i ne t ru .men t "  ( r j : r )

Anotiaer eheck fgr" tra.eiring e,ecura,ey is the cc)&pe.r-

iCIorr of, tmrget Location o3r fl"rm fra,nnee for .a opecifj.e

t i"ne. ,a cheek of thi.s type is coraplex, t i ,rue consumi.ngp

and requi.ree spec:i.al equi.pment, The d.:[fficr.lJ.ty i.n me,kJ.mg

ouch a check outwei.ghs its s,ccuraey, Because of the

ebove fa,ctore anrd J.nnd.equate documente,tion, it is dc.ffi,*

cu].t to say how long tara,eking prob}eme ha,ve eNi.sted." Two

y6a.rs wo'r:.Id be & conesrvsti-ve eetinate. thi.s i.s bs,ses oll

t}le Le,teet naaintenalrc€ reeyere sond"ucted by rrtvE j.n $ec-

ember ]-95?. (t?Jre) the f j_ret i**$"ee.t ioee of," e, ley r lroblem

reeulted. from a specia,L boreeieht exa,mine,tion.

tsqree{sht

a]-l anstrLamente e,r& boree$.g1:.ted. when titei-r optiear

p.5



esi.s ere ]ls.r'a}3-eL i-:: sai"r*utl: e,a:.d. eleve.ticn, titrs i.e

aecocnpJ-ish.ed by remcving al-i film and i.nmertj"ng a hore-

sigh,t tooJ. i-::to th,e opt5.ea,l pa,th. fhe boreeigl:,t tooL

provid.ee a fi].m f,ra.ne retiele e,nd. a,].l,ows obee vation

through the optd.eo,

A boreei.eht examina,tj.on of al-J. optica.L instnamente

we,e msde on 26 FebruarJr 1968. She objective w&F to dete;r*

mi.rre tho effects of fLight ou, ped.eeta,3" al.ignnrent, S'$-gl.rre

5*L stlo'*e tkre releti"qre target eJ.ghtS.nge for es,ch inetru-

rnent. (:-?c;+?) An (") una,rks the target posit ion of gnound

rnea,Furement* with a. s€ro degpee (Oo) elevation. ;U"rborne

resu].te a,:ne ehowal by a (A) wi.th a. thi.rty-f ive d,egree(:n*)

elerre,t ion,

The i.nstrxi.srpnte nrounted on pedeeta,J. #q ond. #l-0 have

a or ie  degree ( ro)  f ierd of  's r iew.  ( tara)  she target  for

ped"estml #4 wae eix-ter:^the of a, degree (0.6") o*ot of the

FOV a,t a 3:ointi.::rg ang].e of thirty-fi.ve degreee (:ft) e.:ad

poei . t ion #tO w6,s three- tenthg of  a .  degl : ree (O.5o)  out .

$ieither inetru&ent wor.lld coJ.J'ect a,ny d.a'te, under tkreee

coyrCitiolrsn EL;is we,e the fi.rst indl-cm.ti-on ef non].inear

tra,cktng. FErr a msre cornpLe.be pietur"e gf *rs,eki: l#'  s,uts*

tnack*r s,nd peceetel (#A & #1o) aliecwte:llt wer€ ekreeked'

6,t one d.eg'nee (1") i.ntervs].e fov a thirty*two d'egree

.  n .
(Sp" ) cha,leee in eJ.evstiorn . ( rfill e)

2 6



Figure 3-L

Boreeight Observations

# 1 0

ground,, e].evatlon (O

air l  e] .evat ioa ( :go)

fi.e1.d of, v:les (ao)
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ere.qcd:ltrs

A3.3. r:easures€nts were take:n wj"th t}:e airersft e])er-

a,ting oli ground, power, Irretrunent l-oad,e for es,eh pedes-

te,l were nsrnal- apd tieere was 13o apps,rent raa"Lf,r:nction

i:e the servo system. A v€trni.er dj.aL i:ael inoneter with a::

accura.ey of, plue or minrete ( l fo) e.rc was used te d'eter-

miree eleva.t ion" Boreeight ers'o1' was ref,Lected *ri  the

init ia.L elerration rea"d.in6"

Sefore taking 6,I1y lnes,srgernents tkre a.utotracker itee,d

w&s leveled.  to  a. r r  e levat icn of  u€ro degrees (O") .  therr

the slaved pedestal eleve..t ion wa6 meaeured to eetablish

a.n ini.tia,L eruor. Frorn this base line the a.utotl"e,ckev'

eleva,t j .on w&.s ir:crea.sed a.t exa,cf,Ly one degree (1") inter-

va,l-e. fhe corre pond.ing ped.eetaL changes were'recorded-

for each interva,l.  the results for pedeata.L #4 and #fO

a,re i l lus t rated.  in  Siguree 3*2 a.nd.  3^3.  ( f fn l6 : )

Resr.Llts

tlle instrusnent neounted, on xledeet,a'L ii4 would not

co1lect clata e,hove an eleve,tion of tllree end. o:ae-ha.if

deg:"ees ( : . lo) .  ,Fr t  th is  po int  the pedesta l  was poi - : r t ing

one-helf degree (+") 1:. j-gher tha,n the au*otra.cker. Pede-

stal f / fO exeeede the l imi-t for a, one deg:ree (e") 3'SV

instrrxnent at tkrirteen degreee (i :o) eleva*iclr e,nd' rts€fl-

tere s , t  th i r ty*one c 'egreos {31*)"  in  both ea 'ses ped 'esta] -

t #
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el*"rati .on irre:.ef i ,sas et e. faet*:" r* ie tha:: -he sutCtra,cker

ana tends to elovr cto*rn s"t }:ighez, p*irrting, a:agies " ?hie

is a probJ-em of no:: l inear tvaeking e,nd. not boz'eoigirt.

Severa,l a.rea.s were inveetiga.ted. to f i .nd. the so*rce of

th is  probj .e i l .

C.pmrna,nd, $ienq'L

3he f irsi &'ea inv*stigaiee was t l : .e cg etator vcr-t-

e.g€s on pedeeta.Is i i2, #3 ,4-4, #.V, a,r:.c #:-C. A:iy wd_d"e vayi*

&.nces between ped.estal-s wor,aLd. ind.ica.te d.if erent cemne.nd.

signa.f.s e,nd. ca,,us€ llnevel: tra.cking. ry'olte,ge mea,stlremerrts

were taken with a. $impeor: i-Iultirneter rated. et twe::"ty

thousand ohms per volt (aC,OOO #t*/voLt').  AJ-:- synchroe

temted. hs,ve the f cLlowi_ng el ie,ru,eterist i .ee : ( f4 : I  )

Sype .0fl f l*11--[S-4 C]. i f ton ]recision prodr.rct
Roto res:[sta.nce 3?0 -{ ' t
$tator nesi"stance n6 "f\  terminaL to .berrr j-n*. l
R"otor vo1-tage
Ste,tor voJ-ts.ge
lixcita.t ion

26  vo l t s
l L .8  r roL ts
4OO cycJ-en

Sabre 3-L L:i .sts tkre cf ete.ton voJ-ta.gee of the p€d.e-

stel eynchro f,ol}ow-up sseembry for th.ree eleveti.on

a,ng3-es. Ftrom these rea.d.ings the fonrowing eonelueions

can be ma,i.e r i :- tp: +p )

(e) fkre vclta,gee fer eacl:.  ped.eetal e,t a give::. angle

are reretS.v*J-y csngtanr.t,  thi-s e'Limi:: le,tes the nacsi_-

br3-ity ef a fl-rictr*ra,ting eonerla::.d. migr:a[ be*ween

x,.edesta.]-c "
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{*i f}:e vel-te,ge j-mba"la.ace -betwe*re Cf-l- and Cf-z fo:'

e" give:: ped"esta.l  and. elevaticn Eenere,tes opposs"ng

error sj"gnels. tlaeee ei.g:ra.le wi1]. have s*q advense

ef,feet on ped.ectu.l a,Iignrnent but not of, the magnd"tude

j-l"Iuetrsted in Ft"gLlres 3*Z a"nd. 3-3, A,n extremeLy

J-arge voJ.tage imbe.l-a.rree rryould. be necessa,ry foz" such

Ie,rge errors in tracki.ng,

At thim pcint electr ical- oi"gna,ls *,re not co:reidered.

a nnu.jor Br$bl"em but wj-J.J. be exa,rmi.:ned. i-n rnore d,ete.il" X,ater.

the next m,rea. for eonsidera.tion ie the synctrro f'oLLow-r.rF

assennbly l .5.:ekage. (ReEer to 3lgure 2-n)

I*nkase

Or* 2 Juriy 1968 tlae a.d.ju.sta,b3-e li.nke"g'es for peo,este.L

,iiq a,nd f].0 l'rere lengthereed. to deternri-ne thei.r ef,feot on

t:rapki.ng &ccurp.ey. fhe cklange in Lirrka,ge dimeneions &re

1 -  * - -  z ^ \
b e J - o w , \ I / r l : o y )

(#+) cha,n6ed froux 4 5/8u to 4 7/s"
tfgo) chanced. fro:rr 4 3/4" to 4 ' l /su

After conopleting tlaese ad.justrnents both l5-nka,ges were

rej-nstal led a,nd the ped.estal- re-checked. for trackir:g

&ccr.rr&cy, S}:e reeu.3.ts &r* i.ll-umtra,ted. in F5"gu.res 3*4 s.::<1

3-5, {:"ylE:ggi Seth i-nstru*"ae}:ts &.r@ r}ow capabl-e of trsaking

thraugh. tiii.rt;r degreos (3Ot) elevation e.nd rerna,$.ni.ng csl

te.x'get. fhe rea.sos] for tate $"mprovement wil]. now be ex3)*

ls,i.ned..







An;arila.r frsnsfer

Ehe s;rneiaro fo3l.ow-r;.p assembly linka,ge ie iesig::ed

tc trs,nefer peC.ests,I movernent to the syreehro d.rive gear

st & one to one (fo] .)  ra, t io" &:ay other rat io wi l ] .  rotate

the pedesta,i- to an: a,ngle d.if,ferent thsn the Cf rotor a,nd

resul-t j.n non]-ines.r tre,eki:ng. ( 13 :].Oi )

Assirr&e th.ere i-e a. ten cegree (fOo) cclmma,r:.d oigna]-

pla,ced on the CT sta,tor windinge. fn order to cancel the

effeete of t i r is s ignal-  (eryor vol tage) tne s 'otov muet

tr.rrzr exaat]-y te::. d"egtre@s (].oo). .A, l-in'ko.go re.tio of two

to oi€ (axf)  wor.r1d. require on]-y f j ,ve degreee (f")  ped"e-

a+^1  qn rc^qa*< t -  +^  - ' l  . !  - -  * r - d  yC tC f  .  The  f e=U . l t  r r ;OU IC  bC  AF vl i : t -L rg\J V glJ€Ia L u u ars**ess vt-F

f , i .ve degree (E") oepara.t ion between ar, l totra.cker and'

ped ests .L

fhere a.L€ two cri"tica,l dimeneions fon t re synct:ro

fol lo"o-up e,Esslnbty t inkage, Tfue f irst ie the adjuste"bS"e

Link. Cente:r tc center distanoe must be equa.l to the

d.ista.nce betwoesr pivot po$.nt e,nd. synchro d'a ive ge6,r

centers" Aray differenee wiLL a,l-teg the re,t io. Th,e eecond

critice,l d.iraeneion io the pi-vct avm }engti?. Both a.r@s

mr:st be equa,l in ]-ength from center to center. fhe effest

of i"neorrect d.ine$ej-ons is i ]-] .ustreted in Figr. lre J-6,

In ord.ey to rnake th.e effeete of linkago nrala'djusime:lt

clearer, the }j.nks,#e geometry ws,e siystl"l.ated. o!1 & llewlett

,,

:
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Sacka.rd liod.eJ- 91OO"A. Fieital- Computer. 3'igrre 3-7 is e.

resultant plot of a,nglr]-e.r emor for various lengths. (1}t

11O) Shie e?ror can be induced a.t both the a,utotracker

a.nd. ped.este,l.. A,n5r emor at the a,r.ltotracker wi1.1. be tiaiire-

ferred to all- pedeetals ar:.d iacrease the overbll. tracking

€?lfgxt r

Sum.aarrr

Preeently, there ie no convenient way to aocurete],y

oheck on boresight and ped,esta.l traeking. Acerarate tra,c-

king depend,e upon correct ]-lnkage ad.justment a.nd dinien-

e{one. Any diecrepaJrcy of the linka,ge wil"L c&use the

s5mclrro follon-up &ssenbly to Senerate inaccurate eigna,ls

amd, result ire nonlinesr'trscking. IIowever, not slf. trech-

ing problems are csueed by the J.inka.ge, two other crit-

icqJ. areae arg the sSrnch.ro fo].].ow-up aeeembly apd bore-

eight od,juetment.
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C$*IFTEA. IV

F0R.ESIGI{f erid. ST$CI{RO FOILOW-IJP ASS$]4BJ.IY

&i.nker6'e movetoent i.s transferuEd. ta the syncklr:o fc)Llcw

-l.rX) a.ssersbJ.y through e boresight a,djr,rotnr@ntn Thie a&$ust-

ment ie an J.ntegral pe,rt of both the re&r pj.vot a&"sa end.

synckl.ro drj.ve 6e6,r ehg,ft " The pnoblenae in this g5rea, a.ffect

lnitial platform a$.gnment. Srcb[ems i.n the eynehro fol*

Iow-rlp aswenahly naaS,n}y affect li,near tracking. Sa,oh SrPob*

].em m,rea wi.f"I be exp].aj,ned seXra,na.teJ-3r"

EoresiE'hjE Ad,justloent

Th,ene are two boresight a.d"justrnents" One j 's Locs,ted

on the anetotra,cker Lower pj"vot arrn and tfue othep on the

ped,eotal renr pivot atrm" (Figuree 2*3 e,nd. 2*5) Foth adjuot-

menata e.:ne trsed. to a.l"i@a the optica.l a.xi-e of ped.estale to

autotra,cker. Idovement cf the autotra.cke:r eontroL sft 'ects

t}le relei,tj.ve position of 4,13- pedeeta,Isr while rnorremer:t

of, tlae ped.estal oontrol aff,Eete that ind:i.vid.uo,I ped@sta']",

the mecbier:ics of thS"e adinstlnent :co]asj-sts of s, mat:i-ng

wor@ arzd. p$.nion geat"{F$.gru.r* 4-X) flhe me,ti-rag worm ie &,n

integral. part ef tbe p$"vot arm snd roade a.dJuetahle by e"

: i
1'



I'igrrre 4-I

Boreeigbt Adjustment

ffi

eyncLrro
foJ.Low-up
aseembly

adjuetment
ECrew

Iocking
gcrew

mating
worm

pivot
arm

drive ehaft
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screw }rea.d. fb.is wsrm is theca rira.ted to th.e p5-n*on gear

whi"ch is pin:eeti to the sgrncl:,ro fa3.low-up assembly d'rj-ve

sh€.ft. .*d jr.lstne:its a,re ma.de by r.rnlocking tl:.e pivot a,rl{

and. trerning the scr€w hread. After aeroing, tlee pivot a,rnt

is cla;n5:ed to t l le d.nive eha.f,t" (f3t+g)

Instruinent alignmEnt ie msd.e by turirS.ng the boreer-ght

a.djr.l"stneret on the synchro fo3-3-ow-ugr a,s*embly. fh'j-e a,diust-

rneret camses tkre drive ges,r aied s;frachro rotors to turn and-

generate &n erlfqr EignEl foz' ped,eete.l molr€ment. BOresight

ie complete wkten a.lL reticL€s er€ on target Cr.lri.ng s,urto*

t raek"

$evene,L baej"a ceficj-enci.ee for thj-s e8s€tabl-Jr were

l j .sted in the I j t I /P Final lDngJ.neering S.eport $o.08604 '  00.

26.  tL3z49 )
't 

fhe adjustment ie too coa,rse in that onJ.y a'
smal.l rota,tion of tkre adjuerrurerl* rEaoves tkre
synchro z-er�o by e la,rge amount, Sh'j"s is eggrs'-
ve,ted by exeoeeive baekla.sh in the wcs'm gea'r-

ing d.ue to endpla,y in the wovm a,nd' g&8'r ba'ck-
Ia.sh in th.e rna.ti-ng rrnite. AIeo, thre cla'mp t}ovsB
th.e adjust*le:et wheln it ie tighteneC'. flte mech-
anism i,e nct suits,bLe for adiustnent to wj"tbila
0.L d.egrees" I:a a.d.Cit ion, the ad' jr. lstnnent is
ineonver: ient {ns to a,ee€ss wi.th the unst i .nrtal-
Led o:: th.e s. ircraft.

Iia,vin# ma.de boresight a.diustrnante me.ny ti.rresn the e,uthrcr

is in full a.g;reersent w:i-th the e,bove qraote' t!:'is a'd'jtLet*

ment is unreliable, d.iffi,cult to a.eeoro3rlisht and requi-res

specS.al equipment" Sedestal mover*ent :i-s so se::eitj.ve thet



i t  requir*s t ire e.i te::t j"an of two pespl* " lJhj ] .e o?l€ Sler_

son is si"g!:t j-ng tb.rcugn the instru^ment optj-csn t i :e oth.er

i-s rns.king a.d.;ustnents. Any €rror i"n thi.s e.d.juetment is

tre,neferred to the eynckrx'o f,olrow-up assembly a,:rd. h"a.s &

di"reet effect on pe d.eeta]. ah.gn&ent.

In add.iti.on to nrecha.,"rieal problem*, there are tv;o

najor operationa.l l ini, ta,t i .one. the greatest t i"mitation

i.s ta:rg:et avai"labif.ity. A target must be bri.ght er.or:gh

to eu,totrack, s'itlein traaki.ng limi.ts, a.nd. be a,t Lesst

two ni l-es a,w&.Jr. s'hie dietance ie reqr.r ired. to eLiminate

pare,].lax error. the onJ-y ta,rget presently avai.J.able is

a, eenei"-porto,bl-e opotldght for raight l-lgs. Wh,iLe on the

gror*nd.n stm,rs are seld"om rised becanese of tkreir hie,h

a.ngJ.ee or obscuration by cloud correr€,ge, In o,d.d.i t ion, to

l imited. ta:rgetsn t lrere is thre problerc of ca.ruera FneFa,r*

e,t i .on.

Befo:re am inetruunent cam be boreeJ-ghted,, i t  muet be

download.ed. s,l:d f,itted with a, boresight lene for sighting.

{ ] -a t+)  Ehis  proeess muet  be done in  to ta}  d .a. rknese for

j"rrterne,l-1y ]-oaded. 6a.rnera.s (:) bece,use of possibS-e fil-m

eriposu.rs, lihen a.d jr;"etaaents sre cornpleted the boresight

tool ie remo'qred. e.nC the ca,mers is reLcad.ed., Surins thi.s

time the carnera j.s i.nopex"ati-ve a,nd unava,i.Ia,b1e for r.rse,

3he a."ire:.g,€€ cown tirne for ea.ch ce.nera is fj.ftees: miru-rt.es"

A 7



Feca,uge of the exsessive t ime the instrux3a:: 'bs €'! 'e 3iewe3"

boresie;hted. w}:.en f, lyi3}e opere.t ions,l  miseionsr evesi tho-

ugh ir:strrrnent a.lignrnent is in questj"on'

Th.e next a.rea. for eonsideration ie the synchro fol-

low-up a,seeurbly. che,pter II  covereC. j . ts locatj"oi:,  make-

u F r a , n d . < l p e r a t i o : a i n t h e p a t h o f e ' ] j g u i a ' r t r a ' n e f e r ' f h i s

chra,pter wit1 concentnate on j-te problemm '

$:rlrph$.o F'oLloE-Ur: r\ssemb].rr

sb,e heart of the entire s€rvo oyotem d"iecueeed s{}

fa,r j.s t}re synckrro fol}ow-up o,ssembly. Ite prima.ry furrc-

tion ie to corrvert th,e ar.ltotra.cker posi.tion and mo"vement

into e,n electr ice,L si.gna.l (e*or) f ,or pedestal direeti"cn'

(Eefer to Chapter trX) tna aoaura'cy of this signa'L wiL]-

d.etermine inetrunnent fieLd of view a,nd colLection e6'pe'-

b i l i t y . T h e r e f o t r e ' i t j . e e x t r e m e l y i n r p o r t a n t t o r : r r d e r -

staJxd. the cause and' effeot of a,ccr:mr.a].a,tive error on tra,c-

king a.ceulnacy"

The RC-155-S optJ.ca'I tra'cking syotem employe two

p a ' r a } l e l s i n g l e s p e e d ' 6 e r v o l o o p s f o r e a , c t r p ] . a n e o f r o t a -

t i - o n , O r i g i : r a ' L L f r t ? : ' i s e y s t e u n w e ' s d e s i g c l e d t o w o r k r n r i t h

inetruments re,::6ing frcrn 4O to 155 Srounds in weiSkrt and

two d.egrees (a")  or  g ' "6a, ter  in  f ie ld  of  v iew.  ( r3 l r )

I l n s e r t h e s e r e q u i r e m r e : * t s t h e o y s t e m p e r f o n n e d s a t i s f a e -

toril-y. Traclcixlg aecurs'ey onJ'y ite'd' to be t*i'thin plus or

44



t i i taxss *;3e Cegree {I i t),  anc e. t :ax's,} ieL sysrem i:: .erease*

reh,abil- i ty, I f  one servo J-oop faiLed, the otb.er had

suff icient pouer to co:atirsu.e opera.t ion witbr no Loss of,

d.a,ta,, I iowever, toda,yte instru.ment Loed.e and. FOV require-

raents Llsve e,Itered. this siti.ta.tion.

rnstruneret loads he,ve i-ncreased to provJ.d.e both aay

and. night capab5"]. i ty. (fe :55) tkreee inc:neaseC 1oa.d.s now

r"equire pyoper opera,t ion of both ser.vo eyotemo" ( lyf,ef;, l)

Fa,ilure of s::e servo would. pJ.ace excesei.ve J.ood. on the

other motor, resu.lt ing in red,ueed tracking 6,ccu.re,cy or

syeten failure. Sra,ckirrg a,pcr.lra.oy is reo.rreed. becs,use the

error signal is no longer s,n exrerage of two para.lJ.eJ.

outpute(cf1 and.  CS2).  ( f f  rJ .CI I )  ; Iowever ,  when these two

outputs &.re dj.f f ,erent (out of nul.L) tney ca,n generate a

eerioxf,s problem"

Synch.ro ru.lJ"3- i.e alaother problem a,re&, in this paral.J"eL

s€r\ro eyetern. A s3rnchro the,t ie not properly nr*LLed. wiLL

genora,te a,n imba.J-a,nce between er?or ej-gno.Is a,nC c&.u.se tk:.e

two servo motors to  dr ive a.g:a j .net  ea.c l t  o then"( l tn : : l )  The

result is a. Loose ped.este.L a,nd. in extrerne ca,s€s e comp*

l.eteLy inopera.t ive pedeeta,l .  in Apri l  1968 ped.esta,l  l fg

r,rouLd not og:erate properly in elovatiosr beca.use of i:ae,c*

cu,rate eSrnchro a,lign-'aent (or.at sf nu!-l.) . tite two eo;atrol-

tra.nsforraers were so fa.r out of a.lignrnsnt that nb rnea.rr-

4 5



ingful, sig:nal aiac goj.::g to tl:e se3."vo a1mpli"fieg's and. nct-

o3.sn lzl trouble shoot5-zrg this prCIbl-€ulr o3tr€ C? wes aiecon-

nected a.nd tire otnEr Cf fed d"ireetly into both sez'lro autp*

l i f iers in pa,ral l-e! '  t ' f lais indicateo that a sirzgle 6ervo

loop (*r fa.r as aetivating signal-e are cCIn,eerned) wj-1l

be a,d.equate to d"rive botb. servo a,rnpLi.f,ief $ u tr ( 17n ; 50 ) fhe

servo n6tors are no longer oppooing eaeh other beca,Lrse

they are driven by one csmmon error signa,1. Sb.j-e config-

,lra,ticn j.e simila,r to &, single speed servo eyctern a'nd"

a.::ry error g€neratecl in the pa,th of 8J}gular tranmfer wdll

directly af,feot p@d.estel a.I ignmellt .( l tgf i  f* e, pa'ral-}eL

sJrstem the co$tr6l tranefOrtgeve generate srn ew@:fa'g€ err6r

Ej.gnaL anc. thereby reduce overell tracicing error. Figure

4-2 i lXustrm,tes the original and nnodi,f ied ser\ro syeteme.

Tracking errors genere,ted by the sJrl?ehrc foLlow-tlp

e6sennbly sre catl"eed. by the geg,r tra,i-n and eyncleroe ' Gesr

problerns &re cs.l lsed by ovnl sfuapes' and bdcklash.(t la46)

$Srnchro proble@6 irevolve ovel &rms.tureer dietorted. mag-

netic conrpor:ento, and, spatiaL a,rra,ngernent of ma€3'Ietie

r*indinge. (a:gA) Sh,e synchro toLers.rece for thie slrstem

a,re (O,Lo)  degree"( t3 :O) Sh.e combLned €*ors (ges, r  a .*d

synohrCI) f,or a,n tfae4epta,blern ped.estal a,seenbly a.re plot-

ted in Sigures 4-3 al l$ 4-4.(13:1O2) lndividr*&.l control

treggggggggggggggg�.!'1efornoer {Cf ) oe"rtputs a,re plotted' $"n F5"gr'nre 4'3' fhe

A Ezr. {.J
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€,ver€.ge cf ena control traz:ersittes. (cx) or.r.tpr.nts are plo-

tted, S.n. Figure 4-4. Sh.ese 3rlots e.re tb.e reenrl.ts of a

reeent ete.t i"e a,ecuz'a,clr teet by T,r\ts. (r: :Eg) sxtre.cte of

t ir is test &re rocated. in "tppend.ix a, pege 6e. fhe e,utl :or?s

ded.uctione from thie teet are &.s fo].].o.'*s

f - .  tne eont : ro l  t ra ;nsmj . t ter  (cX)  errer  o f  (O. fO5o)

degree couId. represent the outpu,t of am rte,ccepte,blett

autotracker foxtr-ow-up a,seernbly cx" fhe oSrrrchro (typ* Eog

-1L-S"'$*4) e,nd. gser traine (anti-backlash a,nd ].x]. re.tio)

e,re j"oent icai. ( r igure 4*4)

2, Sbre ma,ximuun tna,cki.ng error contributioer with both

ser.rro loopCI oSrerati.ng i$ ( o , on5o ) deeree " ( r$gune 4-4 )

Note; fhie exaLud.es the effeets of e.ra3r aretotre,cker coxs-

tro] '  transmitter (CX; input ernrotr"

3. the counbined Cg and CX errors a,t AgOo in Fi6ure

4-4 worrLd. contribute 10.r45o) d.eeree error to trackj.ng

sccu.na,cy. l tote: shj"s d.emonstnstee the effeet of auto-

trackea cx j ,optl t  err.or with two rre,ccept&ble, a,oeennbli€s"

4 " fhe eonbined. ct-I snd, ox errons at ].aoo i.n Figure*

4-3 anC {-{ wo'u].d" contribute (O,1gO*) d,egree emor to

trEahing &ccura.cy when gY*2 i.e inoperative, rt s.bould be

noted. t l : .a.t thie d.emonetrates the eff,eet of e.utotra.cker

CX input €rrsr when configured. s.B a, singJ.e epeed se?vo

systeDo "

lfi'



5. Ti:.e e ombine* *Y-2 and. OX errors *,* 28ff io ir:  3*g*

ur€s 4^3 e.nd.  4-4 wou] .d contr ibute (0.3.430)  degree errsr

to trackin& a,ocuracy wl:en CT-]- ie inopera.t ive. Ehis den-

onetrates the effect of autotra,cksr CX inpui error'arhen

confi"6ured. as & eingx-e epeed. eer"!/o eysten'

6. []te opposi:lff eruor signe.]* of CT-] a.nd. Cf-2 j-::

Fi8ure 4-3 are or.rt of nuJ-3- hpr (O"iO5o) d"egtee. Skrese

oppoei:rg sigm.aS-o wiJ.3. c&use the servo nrotors *o dri"ve

a.ga, inst  each other  avrd.  resuLt  in  a Loose pedesta] - " (O"L65

d.egree movement)

Addi.t ional tests performed by IrtVH w€:xe intend'ed' to

pnoviCe infcirme,tion ei: the dyuru,nie elr'ar&.Eteri-etj-es of e

fnt36rico"1rt pedest*r,},  Bhe perfor*nenee speaif iaa.t ione @"re

l j"eteC in f lable 4-1. An aceepta,b].e pedeotal rna.y devi 'ate

r  6 r

up to (0.4") aegree e,nc" thj"s does not ta,ke into consj"d-

eration any input errors frorn tkre a,utotraeker poeitj"on

or  bores ight .

Se a. finaL revi€w the autl:.on wi].l conclude thi"e

study by }$"eting *l le e'ccunul-e,t i ,ve effect of fraccepte,ble"

er3'6rs on tz.aehing A,Ce,ar&,ey" :theee errors s.re generated.

by t i te a,rrtotrm,aker, lS"nkagem, bopeni6ht adiumtrnent, s;r in-

ciaro folS-ow*up elssefiibly, nnd. IttypicaS-'o dy:ra.rnie pedeetal

perfonr*e,nce " Linlcag'e ad jr*etrnent i"e t}:.e onJ-y a'seumed'

€ryor (C"C5O*)" 3!ae resxa]-ts a.re l . j-sted. on the fo].] .o*ring

l

t r "1
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fABl'E 4-1

PE!E$$A& }ERFOfr.I,TA},ICP $SECTFICATIO$S

}ARAMStrER sr$cIFIC"{t,f rOi{$

Instrunent Group

I:estru.ment Sroup

Aceelera,t ion

Yeloc i tyr  $ lew

Velocity, fra,ck

40.  to  L53.  lb

3,3 to 75.L eJ-ug-Ftz

Weights

Inerti.as
6 4

3 n*p/snc - =L7 2 Ds#/sEc'luiinimum

45, DEe/sFg Minirnus

9. DS0/$nc l{aximum

total. Srror at 5 D0S/$UC

coNsrs$rN0 0s'

O.4 SS0 Ma.ximum

NANDOM
Bng.

0$-s-$IDsD
DEG

3la,tform C[

Pla.tf,orm CX

AnpU.fier $uf.]-

Illotor Sb.reshold

Sta,tic Iload

DSma,mic

,-
t a )

V  o . 1 '  +  o  . o a f z  +

O . 1 O 5  +  0 . 2 8 7  =

o . L

o . J .

o .  o25

0 . l -o5

a .287

0 . 5 9 0  p p G

o . 0 4 8

0 . 0 5 9

o . 2

o . 2 4 7
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C}{APTSR V

COliglUiSIONll A,l{S R$OCI$irvist{};if f OIVS

Ehe authorts aoncJ.r,rsione pa.ro,3-3.e)- the sequenee clf

events j"n thj-e etred"y. ?h,ey begi,:: with tl:re pa,th of ongula.r

t:ra,nsfer a,zrC coracl-ud.e vri.th overo,Il tnaoki.ns a,oeLux&cl/"

Froua t reee co::clunj-ons tlre a.r-ath.or rgcornrnends clra,nges f,or

i.rnproved. tracking e,ooura.cy and boresight " fhe J"ast recsrfl-

rnend.a,tion. is for di.stri.br-rtion.

golfc]"usroNs

1. She path of a,ngula,r tranef,er conta,ins 611 excessi.ve

nu.mber of transi.t i .on pointe {fS) " Every poj"nt of tra.rrs*

i.tion (eleetrica.l a,nd. mecha^rai,cal") i.noreases the Frobe.b*

i l i ty of trs,cking error.

2. PresentJ.y there ie no conwenient way to a.ccura,tely

determine inetrument boreeig'hrt " $yotern errore me,y g,o

undetected f,oc" l-ong' periode of time and d.egrade nai-msicn

ef fecti . \r6ne ss .

3 " I"inka,ge o,d j::etnent and d.j.mensi,one s.r€ cri.tica]. for

a,c*ura.te a,nguJ-m,r tra"nefes' a:ed exry €rrss" wiJ.J. *osrtrj-brate

ta nonJ-j.near tracking.
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4. fhe syne hno follow-r*p assembly bores:.g}:t ad" jer*trner:*

i .s Lmsstisfa,ctory" i t  ie inacaura.te, dj.f f , icult ta a,d.just,

and reqr: ires Epeaia"l equi3:nent.

5 .  inst r r ;ment  boreeight  procedures 6. re complexr  l imi tedo

ana tj-me cons1xming becs,use of tha need for rpCiant tar-

getCI and. es,mera. d.ownloa,ding.

6, fh.e probabil i ty of s€trvo nysten fa.iLpre i"e $ncreased

by crependS.ng on ttre opera,tion of two pa,ra]"Iel 6er1i'o

looSre. thie app}ies only to j-:aetrr,rment load'e in excess

of  15)  pounde.

7 , I'ailure in one of the two pa,rallel- eervo loops will

d.egrsdE Overall trs,eking s.osurs.{3y. fhj-s applies ts aL)-

i-nstrr.r.rnent' ].oa"do wader 155 pounds.

8. Sed.eete,I f irmness ie determined by the be,Laaace het-

we@n setf.lro Loop €ryor voJ.ta,goo. iiuny i.mbalance (out of

nuJ.l.) wi3-L restiLt in a looee pedeeta'L'

g. Bwo Bm,raltel single speed. servo syEteme }.:'eve a hi.giter

overa,Il tnaakin€i e,ccura.ey when compared to a sj'ng1e speed

eyetem. Thie ie  baeed.  or3 & rn€er l  s .vere,ge [ t * t -n)* (c t - r t ;  
e"

1,0. tbae ovex'al l  tracki$g aceuracy of the RC-135-S opti 'cal.

trscki"ng eyetem ie raclt suf,f icient for a, one Ce6ree (e")

f, ieLd of viete instrueent.
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FJ"gures 5-1 end 5-2 illr.rstra,te th.e suthorte f,€conise*-

da,tisne for d,eeign, cha.ngee in the slr:'�chrc follow-up

a'6semblj-es a.$.d. boreeight adjustments. fhe prorlcced" i :nter*

coruseqtione sre i l lustra,ted. in Si,gure 5-3. Tlre sB€cif j .e

ahs.n€:es a,:rA benefite €,re U.oted beLosr:

f-" .autotracker aad. ped.eetar Linka,gEs are erini"na.ted.

fhey a.re replaced with e thre@ ineh Ernti.bsckre,eh. d,ri"ve

ta*,r' ThLs gea.r ie mounted. d.j"reet].y onto the autotna.aker

a,nd. pedesta,L plvot point, tho nuruber of tra,nsition pointg

between pivot point a,rrd. rotor ar6 red.uced. g:3d, tir,e need

f,or ad.justments el inninated.

2, O:ee ser\ro IooS: i* eLirai.ne,ted, by feed,ing both ser"qro

a"mpJ.ifiere in pa,ra,l-Ler from one ped.estal contror trsne-

mitter (Cg)i Frnror s$gnal-s ere then id.enttcaL anad. reeult

ira a,eeured, ped.ente,l fi.rmness. System reliab:iLity is incr-

eseed. for instrunrent loa.d.s i,n excgss of 155 poruecs beeaneee

tbey depend on proFer operation of both serrro roops. she

ru.mber of trs,nsi-tion pointe ie red.uoeC from thj"rty-fi,ve

( : f )  t o  s i x t e e n  ( r 0 1 .

3. One a.utotrneker esntrsl- tr"an:emitter (CX} is provideC

for ea.ch pedesto,L (g). Noraa,3-l.y, oixe CX is assd"6ned. to

three or five ped"esta.Ls. rnd.epend,Ent servo ].oops incre*,se

oyetem relia,bility anrd. prevent interaat:.ott.
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4,  $ynclaro roter  speed ie  *ncreased f ros ( : -xe)  to  (ex l ) .

Thie is acconplished. by uoi:ng a. thrree i.nah {:.) d.r: lve

geln a:rd one-half, iiach i*") rotor gea.r. "A,ntibe,ck}a.eh

g6at* a,re u6ed.. A1L gear tra.in e.nd. eynaclrro e:'rors (mech*

a,nj.ce,]. and. electrica.l) are reCuced by a fector of, ej.x"

3or exzunple r g,ssume the e,u.totraeker sgmchro foilow-r.lp

p.eeembly i :ad"uces s twelve ni:aute (fa,; tnaoking etrtror.

this mea,ns th'e ped,esta,r control tre,neforrne:n rotor eust

rote,te th.rough twelve ninutes (fat; to effect a nra].]-.

With a. epeed. rst{o of sj.x to sne (6x1) rua].]. ie s.ohrioved.

by rototing the ped.e ta.L thx.or.r.glr only two mintrtee ( e t ) .

She reeuLts 6,re two mj.nutes (a') tra,eki.ng Errsr i ,netead.

o f  twe lve  ( fA t ) , (a r94 )  f r r : i s  sys tem wou ] -d ,  reduce  the

trock*ng ern'ore illustrated in FigurEe 4-3 and 4-4 by a

factor  o f ,  s ix .

A gear ra,t j .o of oix to one (6*-) j .s used. to prevent

the prob3.eme a.Esocis.ted, with, mr:Lti"p3.e nuJ"L poi.nte of a

Coubl -e speed syste i rn .  (A:95)  a s ix  to  one ra. t io  (gxf )  Een-

era,tes eix tru.e nu].].e. Ped.este,l" movesnent is l"i.mi.ted to &

sj.xty Cegree (gO") &rc s.ncr therefoar€ should. be no probf-€*r,

(g x 5Oo= 5600) mote; thre re ote i .ndi.ca.tor transrni-ttere

(CX) a,?e drivera e,t & a$e to one (:,*g) ra.t:i.o to pr*clude

indieat or s:oCi.f,'i" cs,tione "

5, ttrre boree:!.ght sd.juetment is repLa,ced vsf th a th.ramb

50



rockj.ng *j.erome*er move:ner:t,  Ad^ juetmente wi[J- be e:soeither

because cf i.ncreaeed. levera.ge anc fieer geari.:eg. $peeia-l

eqr*ip:nent ie not required" a,ad. eett i .ngs nay be reccrd.ed.,

6. A va,riable power ia*a) eiehti. :3g scope ie mounted. onj

o11 ir:struments (iinclr,r.d.:i.ng e.utotrscker) or:e al-igned w$th.

ea.ch optical axie. csmeras wi.ll- not requi:re do'rnLoad.ing

for boresight a,Cjuetme:rts a::.d" paseive targete (nonradi-

e.ting) ma,y be used. by noe.nu.al]*y di.recti.ng the e.utotre,cker.

H'ea,l tj"nne trackirag €,ccuraay ma,y be checksd by oboerv5.r:g

operationa,I eventc through the scspeso

7. One copy of this report should be forward.ed. to f.ri.ng

sennpco vought srectrosyeteure o rnc" ( i tvl l)  beca,use this

co$lpa.ny io reeponsi.ble f,or a,ll RC-fl5*gl optJ.ca,l mod.:i.fi-

ca.t ions. the add.rees te which the study shou.ld be eent ier

iVir. Johgr. V. Cunaa,e
CpticaJ. $yotems SngJ.nser
Urrit  545If
!SYE
P n O ,  B o x  1 0 5 6
SroenviLIe, fexa,E 7540I

' 
''ll ' rj

. . - t t : -  i

, l l ,  o

l
' :iilnit iit.: ril.;;;t
-J-.

6 L
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A}FE$PTX A

SfA,TIC ACCUR"A.CT fESg

Cl:a,pter IV of thi"s treees,reh pa,Ber me,d,e reference to

a ped.estal eynch:ro f,ollow-up aseenebly sta.tj.e a.ccura.ey

teet cotrducted, by j lSV$. f ibe procedures for thie teet 6,re

&,s foU.olrs I

.e, two slrr:ohro p&cks.gee (g/i t  Lo anc. 8) were
teeted. ind,ivi"d.r.r.a.J"ly for eLectrical snd" mech-
p,nica,L @rrore" Shrey were tegted orl sn ssimuth
turntab,le.

fhe tr*raatsbLe wa,s f irst cal ibers.ted' , , .  bf
nnou,nting oxt j.t a theod'olite a.nd turning it
through 360 degrees i-n fj-rre degree etepe. Slie
tlreod,oli.te we,s pointed a.t e, distsnt ta.rget a'nd'
rea.d at each firre degree pairrt ' A curve af
error vs aairnuth a,ngle for the turntable tLrere-
by wa.s obta,ined.' []rie eurve wa,e ueect to cor-
nect the eynchro paoka.ge eta.tic €,csurecy ree'd-
i n g s "  n .

In ord.er to pertrorm the test, the paeka'ge
we.s mounted. on thre tr.rrnta.ble, snd. the center-
}j.ne of the po,cka,ge elm,ft wscs mad.e spproxirna'te-
3-y ooincident with the ceaterU-ne of t}.e tr,lrn-
t lufe (wj,thin a"bout 0"ol-5 incla). A lever &.rm
was sttaehed to tbe eha,ft of the packa.ge s'lnd
restre.i.ned a,t the other end" A noi.:rrer w&s a'tt-
aclied to thie ehs,ft and etaoi tritir the tl:"eod'o-
lite to be eorreet for a,ny s1:14.11 shaft nreltions.
f}.�e coruectiori curve was subtracted from the
readinge obta ined. . . ' .  A comnrend.  synchro wa'e

ugecl. to inaica,te nul- l  on the Ctf e" $' fheta
Slrnehro fil:rcor Sridge was useo' to resd' the com-
mexrd sSmchron and. olle to read th'e pe,cgs'ge CX'

i

ii

4 "7
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tne teet w&s performed. by tur::ing th,e tu.rn-
ta,bJ.e through 350 degrees a,t te:a d.egree incr-
ee€nta. t l :e Cf 's l l rer€ nu3. l-ed by a.djust ing the
command eynchro. 3he a,ngJ.es of tne conamaad. syn-
chro a:rd packa,ge CX were reed with the fheta
br idges .

fhe  p lo te  o f  tEs t  resu l ts  . .  !  were  co?rec-
ted, a,s previously sts, ted.,  by eubtract ing
turnta.ble er:ror and ehaft  motion error.  ( f3lg6)
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